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Methods We report chest ultrasound features of five 
different common pulmonary diseases in HIV-infected 
patients (bacterial pneumonia, Pneumocystis jirovecii pneu-
monia, tuberculosis, cytomegalovirus pneumonia and non-
Hodgkin lymphoma) and review the respective literature.
Conclusions We observed characteristic ultrasound pat-
terns especially in Pneumocystis jirovecii pneumonia and 
pulmonary lymphoma. Further exploration of chest ultra-
sonography in HIV-infected patients appears promising and 
may translate into new diagnostic approaches for pulmo-
nary conditions in patients living with HIV.
Keywords HIV · Pulmonary · Infection · Chest 
ultrasonography · Diagnostic imaging · Lung disease
Abbreviations
AIDS  Acquired immunodeficiency syndrome
ART  Anti-retroviral therapy
BAL  Bronchoscopic alveolar lavage
CHOP  Cyclophosphamide, hydroxydaunorubicin, 
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CMV  Cytomegalovirus
CT  Computed tomography
DNA  Deoxyribonucleic acid
HIV  Human immunodeficiency virus
MRI  Magnetic resonance imaging
PJP  Pneumocystis jirovecii pneumonia
PTB  Pulmonary tuberculosis
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Introduction
Ultrasonography has gained increasing interest during the 
past two decades. Various medical specialties have adopted 
Abstract 
Introduction Pulmonary disease is common in HIV-
infected patients. Diagnostic means, however, are often 
scarce in areas where most HIV patients are living. Chest 
ultrasonography has recently evolved as a highly sensitive 
and specific imaging tool for diagnosing chest conditions 
such as pneumothorax, pneumonia and pulmonary edema 
in critically ill patients. This article addresses the issue of 
imaging and differentiating common pulmonary conditions 
in HIV-infected patients by chest ultrasonography.
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focused ultrasound protocols, which are applied by physi-
cians to immediately answer medically important ques-
tions, and to guide clinical management [1]. Portable ultra-
sound machines are available at reasonable cost. Hence, 
point-of-care ultrasonography is becoming a medical imag-
ing modality suitable for resource-limited settings, where 
radiological equipment and expertise are scarce.
Chest ultrasonography is among the most recently emerg-
ing ultrasonography applications. For years the prevailing 
opinion was that ultrasound would be unsuitable for diag-
nosing lung pathologies due to air impeding transmission of 
sound waves. Today the value of ultrasound in visualizing 
lung pathologies arising close to the pleura is frequently 
documented. Assessment with ultrasound has proved sensi-
tive for respiratory conditions such as pneumothorax [2–4], 
pneumonia [5–11], pleural effusion [12, 13], and pulmonary 
edema [14, 15], it also decreases time to diagnosis [11], 
reduces costs [11], and exposure to ionizing radiation [16].
Ultrasound features representing healthy lungs or con-
versely indicating pathology are well described [17]; assess-
ment of a few sonographic features (A-lines, B-lines, lung 
sliding, hepatization, anechogenicity) is usually enough to 
differentiate between healthy lung, consolidation, intersti-
tial disease or pleural disease. In brief, A-lines are horizon-
tal, hyperechoic reverberation artifacts from the pleural line 
and represent healthy lung parenchyma. B-lines are vertical, 
hyperechoic reverberation artifacts projecting from the pleural 
line to the bottom of the screen; occurrence of more than three 
B-lines in one intercostal space indicates interstitial patholo-
gies of the lung tissue (sensitivity 97 %, specificity 95 %) 
[18]. Pleural effusions are typically represented by anechoic 
collections between chest wall and lung. Lung consolidations 
present as subpleural hypoechoic areas, possibly with hyper-
echoic air bronchograms. As their echogenicity mimics liver 
tissue they are described as “hepatization” and can be a feature 
of infection, malignancy, pulmonary embolism or atelectasis.
Pulmonary diseases are common in HIV-infected 
patients [19]. Opportunistic infections, neoplastic diseases 
and other pulmonary pathology occur more frequently than 
in non-infected individuals [20]. Lung infection due to 
Pneumocystis jirovecii, (PJP, previously P. carinii pneu-
monia) was the first opportunistic infection described in 
HIV-infected patients and the striking increase in incidence 
furthered the description of the Acquired Immunodefi-
ciency Syndrome (AIDS) [21]. Increasing access to anti-
retroviral treatment (ART) has changed the global epidemi-
ology of pulmonary manifestations in HIV, but pulmonary 
disease still accounts for about one-third of admissions 
of HIV patients [19]. The burden of pulmonary disease is 
underlined by the high incidence of pulmonary tuberculosis 
(PTB) in HIV patients in sub-Saharan Africa [22].
The differential diagnosis of pulmonary disease in HIV-
infected patients is broad (see Table 1). History is helpful in 
the diagnostic process, as is the CD4 count as a marker of 
immunosuppression. Occurrence of opportunistic infections 
depends on the degree of immunosuppression; PJP and atyp-
ical mycobacterioses mainly occur when CD4 cell counts are 
<200 cells/ml; CMV and disseminated fungal infections are 
mainly seen when CD4 counts fall <100 cells/ml [20]. PTB 
is an infection affecting HIV patients at any stage of the dis-
ease with CD4 counts often still being >500/µL.
For a definitive diagnosis, identification of the pathogen 
or histo-pathological workup from bronchial secretions or 
diseased tissue is paramount. The majority of HIV-infected 
patients live in resource-limited settings, where sputum 
microscopy for acid-fast bacilli may be the only microbio-
logical test available.
Imaging of the diseased lung can reveal patterns suggest-
ing causative pathogens and processes. Chest radiographs 
and computed tomography (CT) showing consolidations, 
ground-glass opacity, cystic lesions or pulmonary nodules 
permit narrowing of differential diagnosis [23]. Many emer-
gency departments in industrialized countries are equipped 
with CT, but access to even basic radiological imaging 
technology is often limited in countries where most HIV-
infected patients live [24]. This widespread shortage of 
imaging services in resource-limited settings significantly 
reduces health care quality and increases health care dispari-
ties [25]. Innovative imaging approaches such as clinician-
performed sonography may help to improve the situation 
[26, 27], provided that availability of ultrasound machines is 
matched by appropriate and sustained staff training.
Data on chest ultrasonographic findings in HIV-infected 
patients are very limited. However, as pulmonary diseases 
do significantly contribute to HIV-related morbidity and 
mortality, point-of-care chest sonography recommends 
itself to quickly orient the clinician to differential diagno-
ses, required investigations and management decisions.
Here we present a case series of HIV-infected patients 
with typical pulmonary conditions undergoing chest ultra-
sound in Vicenza, Italy. The patients each had additional 
standard radiological workup. All ultrasound examinations 
were performed by MTG, a clinician specialized in infec-
tious diseases and tropical medicine with over 20 years of 
experience in ultrasound in infectious diseases. Ultrasound 
examinations were performed using a Aplio XG Model 
SSA-790A (Toshiba, Tokyo, Japan), with a 3.5-MHz con-
vex probe and an 8-MHz linear probe. The ultrasound stud-
ies were performed as point-of-care examination as part of 
routine clinical care. The convex probe was used first; in 
the case of superficial or pleural disease, scanning was also 
performed with the linear probe. Approval for publication 
was sought by the Ethics Committee for Clinical Research 
of the Vicenza Province (Comitato Etico per le Sperimen-
tazioni Cliniche della Provincia di Vicenza, approval num-
ber 57/2014).
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Case series
Case 1: Bacterial pneumonia (Haemophilus influenzae)
A 50-year-old HIV-infected man from Burkina Faso, who 
was non-compliant to ART, presented with fever, chills and 
chest pain. His CD4 count was 112 cells/μL. On admission, 
his chest radiograph (Online Resource 8) and CT (Fig. 1) 
showed pneumonia with pleural effusion. Lung ultrasound 
performed on the same day revealed a large consolidation 
with hyperechoic air bronchograms and a small pleural effu-
sion (Fig. 2 and Online Resource 1). While cultures of bron-
chial secretions remained negative, blood cultures grew Hae-
mophilus influenzae. The patient was successfully treated 
with antibiotics and ART was re-started after recovery.
Table 1  Correlation of radiological patterns and ultrasound findings in pulmonary disease in patients with HIV infection (radiological pattern 
and possible etiology adapted and modified from [58])
US ultrasound, PJP Pneumocystis jirovecii pneumonia, KS Kaposi’s sarcoma, CMV cytomegalovirus, TB tuberculosis




Pleural line moving normally
PJP
Asthma
KS of the trachea
Focal infiltrates Subpleural hypoechoic region ± hyperechoic air bronchograms




















In M-mode: “seashore sign”
PJP
Cavernous lesions Not reported Mycobacteriosis
Bacterial abscess (Staphylococcus, Pseudomonas)
Lung cancer





Pleural effusion Anechoic collection between chest wall and the lung
Lung tissue may appear echogenic (compression atelectasis)






Fig. 1  Lung CT scan showing right basal consolidation and air 
bronchograms
4 C. C. Heuvelings et al.
1 3
Case 2: Pneumocystis jirovecii pneumonia
A 35-year-old man from Italy with a history of syphilis pre-
sented with fever and weight loss. The patient tested HIV 
positive; his CD4 count was 34 cell/μL. Initially the patient 
denied experiencing any respiratory symptoms. His chest 
radiograph on admission was normal, but lung ultrasound 
performed on the same day showed multiple B-lines sug-
gesting an “interstitial pattern” of lung injury. Additionally, 
small peripheral consolidated areas were noted, indicating 
subclinical lung pathology (Fig. 3 and Online Resource 2). 
A subsequent chest radiograph (Online Resource 9) and 
CT scan (Fig. 4) performed 4 days later suggested PJP; 
BAL microbiologically confirmed this. During the follow-
ing 10 days he developed respiratory distress. The lung 
ultrasonography now showed large consolidated areas 
with bright, hyperechoic reflexes, suggesting gas and fluid 
trapping (Fig. 5 and Online Resource 3). The patient dete-
riorated requiring mechanical ventilation, Pneumocystis 
jirovecii pneumonia (PJP) was treated with co-trimoxazole 
and he slowly recovered.
Case 3: Tuberculosis
A 44-year-old Italian drug addict was admitted with fever. 
Abdominal ultrasound revealed enlarged hypoechoic 
abdominal lymph nodes and disseminated splenic hypo-
echoic lesions suggesting micro-abscesses; disseminated 
TB was suspected. The HIV test was positive and CD4 
count was 173 cells/μL. Lung sonography at admission 
Fig. 2  Transthoracic ultrasonography showing a hypoechoic con-
solidation with string-like echogenic reflexes due to remaining air in 
the bronchial system (sonographic air bronchogram). Additionally, a 
small pleural effusion is visible
Fig. 3  Transthoracic ultrasonography of the pleura shows an intersti-
tial pattern with multiple B-lines. Additionally, small subpleural con-
solidations are present
Fig. 4  Chest CT after development of respiratory distress showing 
coarse interstitial thickening with cyst formation and areas of unaf-
fected parenchyma suggestive of pneumocystis pneumonia, which 
was later microbiologically confirmed in BAL
Fig. 5  Transthoracic ultrasonography showing large consolidated 
areas with multiple bright artifacts suggesting gas inclusions. These 
represent both air bronchograms and cystic areas of the lung
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revealed a consolidation in the left lower lobe, resem-
bling a “torn out” area of the lung (“shred sign”) (Fig. 6 
and Online Resource 4). This raised suspicion of infiltra-
tive pulmonary involvement by TB disease, which a chest 
radiograph performed the same day confirmed (Fig. 7); 
a subsequent BAL showed acid-fast bacilli. The patient 
received anti-tuberculous treatment and subsequently 
ART.
Case 4: Cytomegalovirus pneumonia
A 54-year-old HIV-infected man from Ivory Coast pre-
sented with fever, dyspnea, anemia and bloody stools. On 
admission his CD4 count was 15 cells/μL. On admission 
a chest radiograph showed a diffuse interstitial pattern 
(Online Resource 10).
Lung ultrasonography on the same day showed multiple 
B-lines originating from the pleura, which did not extend 
completely to the bottom of the screen (Fig. 8 and Online 
Resource 5). These sonographic changes prompted the 
treating clinician to perform a chest CT scan that suggested 
interstitial pneumonia (Fig. 9). A subsequent colonoscopy 
showed multiple bleeding ulcers and CMV-DNA was 
detected in serum. Treatment with gancyclovir was started 
with a good clinical response.
Fig. 6  Transthoracic ultrasonography showing a subpleural hypo-
echoic consolidation. Due to the shredded, fractal boundary between 
the consolidation and the underlying aerated lung this is called “shred 
sign”
Fig. 7  Chest radiograph of a febrile HIV-infected male (CD4 count 
173 cells/μl) suggesting a left sided basal pneumonia
Fig. 8  Transthoracic ultrasonography of the pleura. Multiple B-lines 
are visible suggesting an interstitial pattern of lung injury; as these 
are not penetrating the complete image, nor do they extinguish the 
A-lines completely which are visible towards the right side of the 
screen, these should be referred to as “lung rockets”
Fig. 9  Chest CT scan showing ground-glass appearance and intersti-
tial thickening due to interstitial pneumonia caused by the underlying 
generalized CMV infection
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Case 5: Non‑hodgkin lymphoma
A 56-year-old Italian man recently diagnosed with HIV, 
presented with fever, dyspnea and weight loss. He was 
non-smoker and worked in the chemical industry. On 
admission his CD4 count was 53 cells/μL. The chest 
radiograph performed 8 days after admission showed 
a dense opacity in the right lower field (Fig. 10); pneu-
monia and malignancy were suggested as differential 
diagnoses.
Lung ultrasonography performed on the same day 
showed a consolidation of the right lower lobe (Fig. 11a 
and Online Resources 6 and 7). This was not homogenous, 
suggesting focal parenchymal abnormalities surrounding 
the vascular structures on color-Doppler (Fig. 11b). Air 
bronchograms were scarce and only present in the periph-
eral parts of the consolidation. Retrospectively, the hypo-
echoic areas were interpreted as lymphoma nodules. A 
CT-guided lung biopsy (Online Resource 11) revealed an 
HIV-related diffuse large B cell lymphoma. The patient 
was treated with poly-chemotherapy (CHOP) and ART and 
improved.
Discussion
The cases above describe five HIV-infected patients with 
different HIV-related pulmonary diseases where clini-
cian-performed chest ultrasound proved useful in the 
diagnostic workup. The following paragraphs discuss the 
diseases and the associated radiological and ultrasound 
patterns (Table 1) and review the literature currently 
available.
Bacterial pneumonia
Bacterial pneumonia, predominantly due to Streptococ-
cus pneumoniae, Staphylococcus aureus and Haemophilus 
influenzae remains a major cause of morbidity and mor-
tality in HIV-infected people [28–30]. Since this condi-
tion can present with minimal symptoms in patients with 
low CD4 cell counts, pneumonia is more likely to be 
misdiagnosed.
Recently, the use of chest ultrasonography for the diag-
nosis of pneumonia in adults and children has been studied 
extensively [5–7, 9–11, 31]. Several studies showed that 
chest ultrasonography was as sensitive (93–98 %) and spe-
cific (95–97 %) as chest radiography in diagnosing pneu-
monia [5–7, 10, 11, 31]. Hyperechoic air bronchograms in 
a hypoechoic consolidated area with ill-defined margins 
are typical sonographic findings in patients with pneumo-
nia (70–97 %) [7–9]. On ultrasonography, affected lung 
areas appear as a “solid” structure, referred to as hepatiza-
tion of the lung, which may be accompanied by pleural line 
Fig. 10  Chest radiograph with consolidation adjacent to the right 
hemi-diaphragm
Fig. 11  a Sonographic image of a right-sided consolidation. The 
consolidation shows areas of lower echogenicity suggesting lym-
phoma infiltration. Additionally a pleural effusion with fibrin strands 
is present. b Using color-Doppler the hypoechoic areas surround the 
vasculature (see Online Resources 6 and 7)
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attenuation over the affected area. In 34–61 % of the cases 
these findings are accompanied by pleural effusion, which 
presents as an anechoic area surrounding the lung tissue 
[6–9]. To maximize sensitivity with chest ultrasound the 
whole thorax needs to be scanned by ultrasound circum-
ferentially but still pneumonic lung areas may be missed 
if ventilated lung parenchyma is interposed; retrocardial or 
bronchopneumonia thus cannot be ruled out by means of 
ultrasound.
Our patient’s chest ultrasound findings are similar to 
those previously described in immune competent patients 
with a hypoechoic area with air bronchograms and an 
accompanying pleural effusion.
Pneumocystis jirovecii pneumonia
PJP remains one of the most prevalent opportunistic infec-
tion in patients infected with HIV. Patients with CD4 cell 
counts below 200 cells/µL not receiving prophylaxis are 
particularly at risk [32]. Common presentation of PJP 
includes progressive dyspnea, non-productive cough, and 
fever [33]. Increasing hypoxemia may lead to respiratory 
insufficiency requiring mechanical ventilation; acute dete-
rioration with chest pain may indicate the development 
of pneumothorax. PJP may be difficult to diagnose due to 
non-specific symptoms and signs, which overlap with those 
of other infections.
PJP causes bilateral interstitial infiltrates. On chest radi-
ography, ground-glass opacity due to fluid, debris and cells 
in the interstitium and alveoli is present in the majority of 
patients [34]. Ten to 40 % of PJP patients develop thin-
walled cystic lesions within the lung. Little data concern-
ing the use of ultrasound in the diagnosis of PJP exists. In 
a case description bilateral presence of B-lines is reported, 
while A-lines remained visible [35]. A small case series of 
six PJP cases from Brazil found bilateral symmetric B-lines 
without pleural effusion in all six cases, contrasting with 
the asymmetric distribution of findings in TB and commu-
nity acquired pneumonias [36].
We saw B-lines at the margins of the diseased lung 
parts; additionally, lung ultrasound at a later stage showed 
a high number of hyperechoic areas within the consoli-
dated lung, which cannot be explained by air bronchograms 
alone. These echogenic areas did not show shadows. Cor-
relating these focal findings with changes seen in CT scan 
performed at the same time, we are drawn to conclude that 
they most likely represent the cystic changes typical for 
PJP; cystic changes possibly filled with material consisting 
in gas and fluid. This pattern of consolidation with hyper-
echoic foci has not been previously described, its frequency 
and specificity for PJP should be investigated in further 
prospective studies.
Tuberculosis
TB remains the most common opportunistic infection in 
HIV patients worldwide and mortality rates remain high. 
In 2012 1.1 million HIV-infected patients were newly diag-
nosed with TB [37]. Patients typically present with cough, 
weight loss and night sweats/fever, but a significant fraction 
of patients show mainly constitutional symptoms and less 
pronounced pulmonary findings, possibly due to accompa-
nying extrapulmonary disease.
Diagnosis of pulmonary tuberculosis by sputum smear 
microscopy is less sensitive in HIV patients; similarly char-
acteristic cavitary lesions are less commonly seen on chest 
radiography.
Ultrasonography is an excellent diagnostic tool for 
extrapulmonary TB in HIV-infected patients, which mostly 
presents as pleural effusion, pericardial effusion or abdominal 
TB [38]. Mediastinal ultrasonography for mediastinal tubercu-
lous lymphadenopathy has also been reported [39–41]. Pleural 
effusions, which appear “complex” on ultrasound, in that they 
are septated, have fibrin strands or contain echogenic material, 
are likely to be exudates. TB is the most common cause for 
exudative effusion in high-prevalence settings [42].
The use of chest ultrasonography to evaluate PTB has 
not been systematically studied yet; the main radiological 
features of PTB seen on other imaging modalities such as 
CT are focal opacities, nodules, cavities and collapsed lung 
segments or lobes [43], which are potentially visible fea-
tures on chest ultrasonography as well.
The initial abdominal ultrasound of our patient showed 
two sonographic features highly suggestive of abdomi-
nal TB: abdominal lymphadenopathy and splenic micro-
abscesses. In this context our patient’s pulmonary changes 
on chest ultrasonography pointed towards pulmonary 
involvement of TB, which was confirmed by BAL. Consol-
idations and pleural effusions seen on chest ultrasonogra-
phy should always include TB in the differential diagnosis.
Cytomegalovirus pneumonia
Global seroprevalence of CMV is high and reactivation of 
CMV leading to CMV viremia and disseminated CMV dis-
ease is frequent in patients with advanced HIV [44]. CMV 
retinitis is the most commonly reported CMV localization 
in HIV-infected patients, but other end-organ diseases such 
as CMV pneumonitis or CMV colitis are also common and 
are probably underreported due to difficulties in confirming 
the diagnosis [45].
Diagnosis of CMV pneumonitis is challenging, but a 
timely diagnosis and effective treatment are crucial to yield 
favorable outcomes, especially in severely immunosup-
pressed HIV patients.
8 C. C. Heuvelings et al.
1 3
While imaging features of CMV pneumonitis have been 
described for chest radiography studies and CT scanning, 
we are not aware of any report on lung ultrasound features 
of CMV lung disease having been published to date. Find-
ings on chest radiographs and CT are usually non-specific 
and diverse and include ground-glass opacities, small 
pulmonary nodules with bilateral distribution involving 
all zones; confluent consolidation may be more marked 
towards the lower lobes [46–50]; the differential diagnosis 
includes other viral pneumonias and PJP [51].
Chest ultrasound features seen in our patient with CMV 
pneumonitis are in line with the expected patterns of intersti-
tial alteration represented by B-lines. In our patient with CMV 
pneumonitis the B-lines were narrower and did fade in the 
deeper regions on the screen, making them less pronounced 
than the B-lines seen in the patient with PJP; furthermore, the 
interstitial pattern seen in CMV pneumonitis did not show any 
air inclusions or consolidations observed in the PJP pattern. 
Whether these differences in interstitial lung ultrasound pattern 
represent sufficiently typical characteristics of PJP and CMV 
lung disease, respectively, and may therefore serve as diagnos-
tic differentiators, needs to be addressed in further studies.
AIDS‑related lymphoma (ARL)
ARL is the second most common neoplastic disease associ-
ated with HIV infection; the risk of developing non-Hodg-
kin lymphoma within 3 years of AIDS diagnosis is 165-
fold higher than in people without AIDS [52]. Most ARL 
are high-grade B cell lymphomas and a role of Epstein-
Barr-Virus infection in the pathogenesis is hypothesized 
[53]. ARL tends to be highly aggressive, presents at a late 
stage and extra-nodal involvement is seen in up to 90 % 
[54]. The central nervous system, gastrointestinal tract and 
liver are commonly affected sites. Lung involvement is not 
uncommon, in autopsy series the lung was the most fre-
quent extra-nodal site of ARL disease [55].
Patients with pulmonary ARL present most commonly 
with cough and dyspnea [55]; additionally, constitutional 
B-symptoms are prevalent. Most patients present with hilar 
lymphadenopathy or enlarged lymph nodes elsewhere; pri-
mary pulmonary ARL exists but is rare [23].
Pulmonary nodules, lobar infiltrates and lung masses are 
the most common parenchymal abnormalities [55]. Unilat-
eral or bilateral effusions are found in around 50 % of cases 
and may be the only manifestation of pulmonary ARL. To our 
knowledge, data on the sonographic appearance of pulmonary 
ARL has not been reported so far, while ultrasound findings of 
abdominal ARL have been well described. On ultrasonogra-
phy most ARL cases affecting solid organs like liver or spleen, 
present as hypoechoic nodules, which are normally multiple 
and range in size from 0.5 to 10 cm [56]. A special pattern of 
lymphoma involvement in the liver is periportal infiltration; 
in these cases, ARL appears as hypoechoic confluent masses, 
which are localized around intrahepatic vessels [57].
In our patient sonographic hypoechoic nodules can be 
distinguished within echogenic, consolidated lung. Simi-
lar to hepatic cases the masses appear to encase or ‘follow’ 
the vasculature of the lung. This nodularity observed in our 
case suggests a sonographic pattern slightly different from 
more homogenous pneumonic infiltrates; the specificity of 
this pattern cannot be commented on from this single case 
and further cases need to be studied.
Conclusion
Chest ultrasonography is a valuable diagnostic tool for 
a variety of respiratory infections and diseases as dem-
onstrated here in HIV-infected patients. The five cases 
described represent common respiratory conditions in HIV-
infected patients and sonographic patterns suggestive of the 
conditions were identified. However, at this point the speci-
ficity of the ultrasound findings cannot be generalized and 
further systematic studies in patients with these pulmonary 
conditions are needed. Among the many benefits related to 
ultrasound are its low costs, radiation-free imaging, real-
time imaging, its mobility, repeatability and suitability for 
remote settings, where many patients with severe conditions 
are seen but imaging modalities are lacking. The minimal 
technical requirements of the equipment needed for lung 
assessment should be further studied, although in our opin-
ion and experience basic portable ultrasound machines with 
both, convex and linear probes seem adequate. Albeit ultra-
sonography can only identify pathological tissue patterns 
and not the underlying etiology, differential diagnosis can 
be narrowed, allowing more focused action, reduced time to 
diagnosis, reduced costs and ultimately better outcomes.
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